Significant racial disparities exist in the clinical evaluation, management, and outcomes of coronary artery disease (CAD) in the United States. Most research in this area has focused on the disparate clinical burden of disease and poor outcomes in blacks compared to whites. Blacks have been shown to have higher rates of traditional CAD risk factors and comorbidities than whites. In addition, blacks face greater barriers to care, receive less appropriate invasive management, and have higher rates of chronic stressors and lower socioeconomic status. [1] [2] [3] [4] [5] These factors contribute to a substantially higher age-adjusted death rate from CAD in blacks compared to whites. 6 Despite these disparities, in several studies examining angiographic burden of CAD by race, black patients have been found to have less detectable coronary plaque than their white counterparts. 5,7-9 The reasons for the lower rate of angiographic findings in this population remain unclear.
The Contribution of Hypertension to Black-White Differences in Likelihood of Coronary Artery Disease Detected During Elective Angiography Matthew A. Triplette 1 , Joseph S. Rossi 2 , Anthony J. Viera 1, 3 , Mauricio G. Cohen 4 and Donald E. Pathman 3, 5 Background Black patients in the United States undergoing angiography for suspected coronary artery disease (CaD) have consistently been found to have less disease than whites. as the effects of hypertension are greater in blacks than whites, and hypertensive heart disease may mimic CaD and lead to catheterization, we examined the association between race and hypertension as an explanation for the disparities in angiographic CaD.
Methods
Using an academic hospital's institutional database, we studied patients undergoing first-time elective angiography from 2001 to 2008. Using multivariable logistic regression with data on patient demographics, CaD risk factors, and coronary stenoses, we compared rates of angiographic disease for blacks and whites, creating models separately for patients with and without hypertension. We then tested the significance of an interaction term between race and hypertension on angiographic findings.
results
We identified 1,203 black and 2,538 white patients who underwent initial elective angiography. Black patients were less likely to have a significant stenotic lesion (≥50% stenosis in the left main artery or ≥70% stenosis elsewhere) than whites (adjusted risk ratio 0.65; 95% confidence interval (CI) 0.55-0.75). among patients with hypertension this difference was exaggerated (adjusted risk ratio 0.60; 95% CI 0.51-0.71). However, among patients without hypertension, the risk of having a significant lesion was similar in blacks and whites (adjusted risk ratio 0.97; 95% CI 0.67-1.37). The interaction term for race and hypertension was confirmed as statistically significant.
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Hypertension and Black-White Differences in Angiography chest pain as well as resting and exercise electrocardiogram changes. 7, [15] [16] [17] Thus the relative severity of hypertension in blacks may lead to invasive CAD evaluations prompted by the effects of hypertension rather than coronary insufficiency. This may be particularly true in the subset of patients undergoing cardiac catheterization without a high likelihood of disease: those without a confirmed history of CAD and not experiencing an acute coronary syndrome.
In order to explore this novel hypothesis, we sought to examine patients undergoing initial elective angiographic evaluation to (i) confirm differences in significant angiographically detected CAD between black and white patients, (ii) examine differences in risk factors and characteristics by race, and most importantly, (iii) examine whether hypertension is associated with black-white differences in significant disease found at angiography and therefore might contribute to the lower rate of angiographic disease found in blacks.
Methods
Study design and data collection. This study is a secondary analysis of a comprehensive database of all cardiac catheterizations performed at a single academic medical center in the southeastern United States. The hospital uses Apollo software, a proprietary reporting program (Lumedx, Oakland, CA) for data capture, storage, and reporting to the National Cardiovascular Disease Registry. 18 Prior to each catheterization procedure, patient demographics are entered into the database by a registration clerk and trained catheterization lab technicians and nurses while patient medical history and the clinical circumstances of the catheterization are entered by cardiology fellows. Following the procedure, detailed information on coronary anatomy findings, including the maximum percent stenosis found within each vessel, is entered by the physician who performed the procedure. The data are subsequently reviewed by a research nurse who is responsible for the integrity and consistency of the data. Global data reviews are performed annually to ensure accuracy.
Study sample. The database included 29,433 catheterization procedures performed on 18,553 unique individuals from its inception through 16 December 2008. We identified the first registry-listed cardiac catheterization for each individual, and then selected the 10,627 of these that were performed after 1 August 2001 when data on coronary stenosis and severity were first routinely recorded. Of these procedures, 8,530 included coronary angiography: 2,305 for black patients, 5,597 for white patients, 602 for patients of other races, and 26 for patients of unknown race. For these 7,902 black and white patients undergoing a first angiography at this hospital, 1,780 were excluded for having previously confirmed CAD: 753 were excluded for having previous angiographic intervention, 373 for having a history of coronary artery bypass surgery, and 654 for having a history of myocardial infarction. Another 2,381 were excluded for presenting with an acute coronary syndrome, as these patients have a diagnosis with a high likelihood of significant CAD and an indication for urgent or emergent catheterization.
These exclusion criteria reduced the sample to 3,741 patients in an attempt to target the population undergoing first angiography under elective circumstances for suspected, but not yet confirmed, CAD.
Study variables of interest. The outcome variable "significant stenosis" was created from existing variables in the dataset defining stenosis in each major coronary artery segment assessed at angiography (left main artery, proximal left anterior descending, mid-distal left anterior descending, left circumflex, right coronary artery), and was defined as either ≥50% stenosis in the left main artery or ≥70% stenosis in any other segment.
Race information for each patient was entered by catheterization lab nurses and fellows, typically by copying race information recorded in the hospital's electronic patient medical records. Race information in the electronic patient medical records is available in two locations: on a patient demographics page that presents information recorded by registration clerks for administrative purposes and within physicians' clinical notes. In most cases, it is likely not self-reported.
Covariates for the multivariable analyses included age, sex, and traditional CAD risk factors (hypertension, diabetes, hyperlipidemia, smoking status, and family history of premature cardiovascular disease). Analysis was originally conducted including patient body mass index (BMI) and history of congestive heart failure as covariates. BMI was not entered into the multivariable model because of its lack of association with positive angiographic findings. History of congestive heart failure was also not entered because, as a consequence of long-term hypertension, it may over-correct for the explanatory variable of interest. All the independent variables are binary with the exception of age (continuous in years) and patient BMI ( continuous in kg/m 2 ).
Analysis strategy. We compared characteristics and CAD risk factors among patients in our sample by race and history of hypertension and tested for significance using Pearson's χ 2 -test within categories and two-tailed t-tests for continuous measures. We dichotomized age and BMI to report associations between each independent variable (including race) and the outcomes as proportions, using Pearson's χ 2 to test for significant differences between proportions.
Logistic regression modeling was used to examine the independent association of race with the finding of significant stenotic disease while adjusting for traditional CAD risk factors and demographics. We then created separate logistic regression models by patient history of hypertension. To examine the potential effect modification by hypertension on the relationship between race and angiographic stenosis, we repeated the logistic model for those with and without hypertension combined and included an interaction term between race and hypertension, testing for significance (using the Wald test). We did not test other interactions between covariates and the outcome. Patients with missing data were excluded from the multivariable models. As odds ratios can be misleading as an original contributions Hypertension and Black-White Differences in Angiography estimate of risk when the outcome is not rare, we converted all odds ratios using a formula developed by Zhang and Yu to report calculated risk ratios and adjusted risk ratios. 19 Data analysis was performed using STATA (version 10.1; College Station, TX) statistical software program. All statistical testing was two-sided with the level of significance set at P ≤ 0.05. This study was approved by the Biomedical Institutional Review Board of the University of North Carolina at Chapel Hill (Chapel Hill, NC).
results sample patient characteristics and comparison by race
Of the 3,741 patients undergoing initial elective catheterization, approximately one-third (32.2%) were black. Slightly over half (52.2%) were male and a majority (70.8%) had a history of hypertension. Black patients in the sample were significantly younger, more likely to be female, had higher BMI's, and greater prevalence of both diabetes and hypertension ( Table 1) . Rates of smoking and hyperlipidemia were comparable between black and white patients.
cad risk factors
Most traditional risk factors for CAD (including older age, smoking, hypertension, hyperlipidemia, diabetes, and family history) were associated with positive findings on angiography ( Table 2 ). For example, among patients with hypertension, 34.3% had a significant stenotic lesion on angiography compared to 23.6% of patients without hypertension (P < 0.001). Interestingly, obese patients (BMI ≥30 kg/m²) were less likely to have evidence of a significant stenotic lesion in comparison with nonobese patients (26.7 vs. 35.6%, P < 0.001).
Black patients and low angiographic burden of disease
Among the entire sample, 30.4% of patients were found to have significant stenosis. However, there were significant differences between the race groups. Black patients were 0.58 (95% confidence interval (CI) 0.51-0.66) times as likely to have significant stenosis compared to whites. The findings of a relatively lower prevalence of angiographic disease among blacks did not change substantially after adjusting for demographics and CAD risk factors, with black patients still 0.65 (95% CI 0.55-0.75) times as likely to have significant stenosis compared to whites.
race, hypertension, and burden of disease
The demographic and comorbidity differences between the races, in some instances, varied by hypertension history ( Table 3) . For example, black and white patients without hypertension had equivalent rates of diabetes; however, blacks with hypertension had much higher rates of diabetes than white patients. The unadjusted racial differences in significant stenosis by hypertension status, as presented in this table, were not substantial. However, models stratified by patient history of hypertension and adjusted for important differences in CAD risk factors demonstrated that among patients with hypertension, blacks were 0.60 (95% CI 0.51-0.71) times as likely as whites to have significant stenosis. In contrast, among the original contributions
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patients without a history of hypertension, blacks and whites had roughly equivalent risk of having significant stenosis (risk ratio 0.97 (95% CI 0.67-1.37)). The significance of this difference between hypertensive and nonhypertensive patients in the relative risk of having significant CAD was confirmed in a multivariable model that included all patients (hypertensives and nonhypertensives) and an interaction term for race and hypertension. This interaction term was independently associated with significant stenosis (P = 0.03).
All models were also tested with the addition of the covariates BMI and history of congestive heart failure. The addition of these two covariates had minimal effects on the findings.
discussion
In this study, we investigated the possible role of hypertension in explaining black-white differences in angiographically detected significant coronary disease by examining data from an institutional database in a sample of black and white patients undergoing nonemergent coronary angiography for suspected CAD. Our study confirmed that black patients were less likely to have significant stenosis (≥50% in left main artery or ≥70% in other artery segments) on coronary angiography. Then, to explore our novel hypothesis, we separated patients by history of hypertension, adjusted for other CAD risk factors, and retested the racial differences in angiographic CAD. Among the patients with hypertension, blacks remained less likely than whites to demonstrate any significant disease. Among the patients without hypertension, however, there was not a significant black-white difference in the rate of detected disease. This finding was supported by demonstrating that the interaction between hypertension and race for the outcome was statistically significant. Thus, it appears that hypertension may be related to the common finding that blacks undergoing elective catheterization for possible CAD are found to have a lower burden of angiographic disease than whites. It is important to note that this finding was only seen after adjusting for other CAD risk factors, which varied greatly in our sample both by race and hypertension status, but was not seen in the unadjusted data.
Our sample's patients resemble those of previous studies assessing black-white differences in CAD risk factors. 20 Black patients were more likely to have hypertension, diabetes and elevated BMI than white patients, but the groups had roughly equivalent rates of smoking and hyperlipidemia. In our study sample, we also found, as expected, that traditional CAD risk factors were associated with the outcome of stenotic disease. Interestingly, nonobese patients had higher rates of detected CAD than obese patients. In several other studies, BMI has been found to have an inconsistent association with the presence of coronary atherosclerosis. 21, 22 
significance of results
We are not aware of any studies to date that have examined explanations for the lower incidence of angiographically detected CAD and higher rate of negative diagnostic studies in black patients. While blacks in the general population may simply be less likely to have detectable CAD than whites, 23 it is probable that there are other contributing reasons for the low rate of disease found on angiography in this group. Hypertension, and its differential severity between races, provides a plausible explanation for these findings, as its effects and associated symptoms may lead to catheterization in patients without CAD. While hypertension is an established risk factor for CAD itself, its effects extend beyond increasing the likelihood of atherosclerosis or plaque rupture in the coronary arteries, and include both microvascular damage and end-organ disease. Rates of both elevated blood pressure itself and these long-term effects have been shown to be higher in blacks relative to whites. 10, 12 Hypertensive disease can certainly mimic CAD on clinical presentation: microvascular disease has been postulated to cause chest pain, 16, 17 and left ventricular hypertrophy can be responsible for a symptomatic presentation including chest pain and electrocardiogram changes. 7, 15 Hypertension can also lead to false positive results on initial diagnostic evaluation; the specificity of many noninvasive tests for CAD have been shown to be original contributions
Hypertension and Black-White Differences in Angiography quite low in hypertensive patients. 24, 25 Moreover, patients with hypertensive heart disease, including left ventricular hypertrophy and eventual heart failure, may appear to be sicker and at higher risk of cardiac death, prompting clinicians to undertake catheterization. We feel it is important to examine the potential causes of black-white differences in rates of CAD found during angiography. Coronary angiography is an invasive procedure, and black patients-particularly those with a history of hypertension-appear to have a disproportionately high rate of receiving procedures with negative results. Such procedures may be considered unnecessary, costly, potentially harmful, and distracting from other diagnostic strategies appropriate to finding the actual cause of the patient's symptoms. However, it is important to note that these findings do not temper or dispute the concerning evidence that many blacks in the United States do not receive cardiac catheterization when it is clearly indicated. 4 It is important to emphasize that the study results should be considered hypothesis-generating rather than confirmatory. Further prospective research, utilizing catheterization findings in conjunction with continuous blood pressure measures over time and data on possible hypertension-related intervening variables (such as left ventricular hypertrophy, electrocardiogram abnormalities, age of hypertension onset, endothelial dysfunction and others), could confirm the findings and elucidate a set of specific factors through which hypertension contributes to the higher rate of negative studies in black patients. Such information may eventually support the development of individualized algorithms for clinical evaluation and management of suspected CAD, taking both race and the impact of hypertension into account.
limitations
Race classification was based on information from the hospital records rather than self-identification, which, although not ideal, is the case with racial classification in most hospitals in the United States. 26 While hospitals have been shown to misclassify race on a small but significant number of individuals, 27 the effect of this misclassification would be nondifferential and tend to minimize rather than exaggerate race group differences.
The use of race as an exposure variable also presents many difficulties. Race is challenging to study, as it is a social categorization that does not necessarily reflect genetic variation. 28, 29 The diverging effect of hypertension in white and black subjects on angiographic outcomes is complex and likely represents care and access disparities in addition to a myriad of health behavior, socioeconomic, and historical differences between these groups. Biological differences related to hypertension may contribute but are likely not the primary cause of these findings. 28, 29 In our study, we included race as a standalone variable, without data to assess which aspects of race may be responsible for study findings.
The definition of hypertension as a variable also has important limitations. As it was recorded in the database, patients were grouped according to personal history of hypertension. We did not have information on patient blood pressure over time and could not estimate the direct effect of hypertensive myocardial damage, as it is related to race, on the outcomes.
In this study, we assessed how hypertension might explain the racial differences in likelihood of angiographic disease. In models, we found that black-white differences in angiographic CAD can be demonstrated only for patients with a history of hypertension, with rates of coronary stenosis being equivalent for blacks and whites without hypertension. These findings apply to patients undergoing catheterization suspected to have CAD with no indication for emergent catheterization. These are patients in whom clinical decision making is more difficult, in whom the rate of negative angiography is already generally high, 30 and for whom catheterization is elective and clinicians might consider other diagnostic modalities. Among such electively referred patients, it appears that hypertension or its effects may contribute to the disproportionate number of negative angiographic studies among blacks. These findings suggest that with additional studies on the connection between race, hypertension, and angiographic disease, there may be ways to refine the clinical circumstances under which coronary angiography is most and least likely to contribute important and useful information in the evaluation of chest pain and CAD-like symptoms in black patients. 
